Executive Summary
Objective:
The objective of this work was to evaluate the overall technical performance of the Inter Mountain Labs (IML) infrasound sensor model SS. The results of this evaluation were only compared to relevant noise models; due to a lack of manufactures documentation notes on the sensors under test prior to testing.
The tests selected for this system were chosen to demonstrate different performance aspects of the components under test.
Description:
The IML infrasound sensors were developed for the primary purpose of measuring avalanche generated infrasound. The design specifications were developed and optimized for avalanche monitoring. Two outputs are available, the first is the preamplifier signal and the other is a balanced differential signal. The preamplifier signal provides the user with the unaltered and broader frequency content signal for analysis. The balanced differential output signal is altered to enhance the desired frequency band of 2-12 Hz. The IML sensors were of a specific design for Southern Methodist University, which consisted of a matched filter response of 0.1 to 10 Hz. No data sheets were provided with sensors, therefore sensor specific sensitivity values were not known prior to testing. Bandwidth for analysis covered 0.1 to 10 Hz for all relevant tests. Testing was performed in the FACT site seismic vault for temperature stability. Infrasound sensor testing primarily focused on sensor response characterization and subsequent testing focused on sensor performance.
Infrasound -Sensor Evaluation Summary:
Response The Frequency/Amplitude/Phase Response Verification test indicated that for both the filtered and unfiltered output's the individual sensors amplitude responses were consistent in shape, varied in sensitivity and low-frequency corner frequency. The phase responses for the three sensors, for both filtered and unfiltered output's, was within 18 degrees between 0.1 and 10 Hz.
Infrasound Sensor Performance:
The Piston-phone Linearity Verification test indicated that all sensors within 3.6% of the mean sensitivity for input sinusoid amplitudes 0.05, 0.1, 0.2, 0.5, 1.0, 2.0 and 5 volts at 1 Hz. The filtered output's were linear to 1% between 0.007 and 7.3 Pa and 8% between 0.007 and 11 Pa. The Unfiltered output's were linear to 2.5% between 0.007 and 7.3 Pa and 7.9% between 0.007 and 11 Pa.
The sensor Self-Noise test indicated the sensors filtered output's self-noise at 1Hz were between -74.2 and -77.5 dB. The three sensors tested have self-noise at or below the Acoustic Low Noise Model between 0.2 and 7 Hz. The Self-Noise for the filtered sensor output is shown in Figure 1 
Introduction

Scope
This Evaluation Report defines the activities that were performed as part of the evaluation of the Inter Mountain Labs (IML) infrasound sensor.
Objectives
The objective of this work was to evaluate the overall technical performance of the IML infrasound sensor as recorded by a Smart24 digitizer.
Infrasound Sensor Test and Evaluation Program
Test and Evaluation Background
Sandia National Laboratories (SNL) Ground-based Monitoring R&E Department has the capability of evaluating the performance of infrasound sensors for geophysical applications.
Infrasound Sensor Tests
The following set of tests has been developed or is under development to evaluate infrasound sensor performance. 
Test/Evaluation Process
Test Configuration and System Specifications
Infrasound Test Description and Test Configuration
The IML infrasound sensors were developed for the primary purpose of measuring avalanche generated infrasound. The design specifications were developed and optimized for avalanche monitoring. The IML sensors were of a specific design for Southern Methodist University, which consisted of a matched filter response of 0.1 to 10 Hz. Actual sensitivity values for the sensors are unavailable, or not documented. Bandwidth for analysis covered 0.1 to 10 Hz for all relevant tests. Infrasound sensor testing primarily focused on sensor response characterization and subsequent testing focused on sensor performance.
Test data was acquired through Geotech Smart24™ data acquisition system. The Smart24D digital waveform recorder serial number s1036 was used to acquire the filtered data along with two reference sensors, MB2000 SN:1380 and Chaparral Physics 2.2c SN 051694. The Smart24D digital waveform recorder serial number s1043 was used to acquire the unfiltered data along with one reference sensor, MB2000 SN:1380and s1043) and Smart acquisition software system was used to record and archive test data for the IML sensors. The Samrt24D data loggers were configured to acquire data at 40 samples per second. Typical arrangement of sensors within test chamber ( Figure 
Infrasound Application Parameters and Response
The IML sensor has two output types single-ended unfiltered and 1-10 Hz filtered differential outputs. The filtered output sensitivity is approximately 200 mV/Pa at 1 Hz. The sensor connector pinouts is given in Table 3 .4.1. The IML sensor uses a connector PT02E-10-6P, use mating connector PT06E-10-6S. 
Inter Mountain Labs Infrasound Sensor Tests
Infrasound Sensor characterization
The infrasound sensor will be independently characterized due to a lack of manufacturer data sheets to determine sensor gain, sensor bandwidth, self-noise and output impedance. Ability to calibrate is explored using a impulse response technique. At the time of testing no mathematical response model or calibration transfer response existed.
If the manufacturer has not provided adequate sensor information, the actual response can be determined through various tests.
Infrasound Sensor Frequency/Amplitude Response Verification (IS-FAV)
Purpose: The purpose of the infrasound sensor frequency/amplitude response verification test is to determine or verify the infrasound sensor amplitude response at multiple frequencies using a variable amplitude, variable frequency piston-phone acoustic signal generator.
Configuration: Infrasound sensors, (1) a characterized reference infrasound sensor and (2) 
Infrasound Sensor Frequency/Amplitude/Phase Response Verification (IS-FAPR)
Purpose: The purpose of the infrasound sensor frequency/amplitude/phase response verification test is to determine or verify the infrasound sensor frequency/amplitude/phase response at all frequencies using a variable amplitude, variable frequency piston-phone acoustic signal generator and a characterized reference infrasound sensor.
Infrasound Sensor Performance Tests
Piston-phone generated signals are used as test stimuli to measure sensor performance.
Infrasound Sensor Piston-phone Linearity Verification (IS-PLV)
Purpose: The purpose of the infrasound sensor piston-phone linearity verification test is to determine or verify the infrasound sensor linearity at one frequency using a variable amplitude, variable frequency piston-phone acoustic signal generator. 
Infrasound Sensor Self-Noise (IS-SN)
Purpose: The purpose of the infrasound sensor self-noise test is to determine the infrasound sensor selfnoise in the absence of infrasound background signals.
Configuration: The infrasound sensors are installed in a specially designed infrasonic test chamber. The chamber is sealed and isolated from external acoustic signals. Sensor outputs are connected to a data acquisition system that samples the data synchronously.
Evaluation: The sensor self-noise is determined from the recorded data. Convert the data from each infrasound sensor to pressure units using the sensor response mathematical model for each sensor.
Coherence analysis should indicate that there is no coherence between the sensors. If some coherence is present from conditions such as local barometric pressure changes over the test period, the coherence noise-power computation provides the noise-floor of the infrasound sensor with the coherent signal removed. 
Test Results
Summary
The objective of this work was to evaluate the overall technical performance of the Inter Mountain Labs (IML) infrasound sensor model SS. The results of this evaluation were compared to relevant noise models due to a lack of manufactures documentation notes on the sensors under test.
Description:
Infrasound -Sensor Evaluation Summary:
The sensor Self-Noise test indicated the sensors filtered output's self-noise at 1Hz were between -74.2 and -77.5 dB. The three sensors tested have self-noise at or below the Acoustic Low Noise Model between 0.2 and 7 Hz. The sensor Self-Noise test indicated the sensors unfiltered output's self-noise at 1Hz were between -77.3 and -80.4 dB. The three sensors tested have self-noise below the Acoustic Low Noise Model between 0.3 and 7 Hz. sps ******************************************************************************************* Test Description: Determine the infrasound sensor amplitude response for a fixed set of frequencies. sps ******************************************************************************************* Test Description: Determine the infrasound sensor amplitude response for a fixed set of frequencies. sps ******************************************************************************************* Test Description: Determine the infrasound sensor frequency/amplitude/phase response at all frequencies using a variable amplitude and frequency piston-phone acoustic signal generator and a characterized reference infrasound sensor. sps ******************************************************************************************* Test Description: Determine the infrasound sensor frequency/amplitude/phase response at all frequencies using a variable amplitude and frequency piston-phone acoustic signal generator and a characterized reference infrasound sensor. 
Infrasound Sensor
Infrasound Sensor Piston-phone Linearity Test (IS-PLV)
IML Test Sensor SN: 605368, 605408, and 605488 Output Type: Filtered MB2000 Reference Sensor SN: 1380 Smart24 (SN 1036) Sample Rate: 40 sps ******************************************************************************************* Test Description: Determine the infrasound sensor response at one frequency. sps ******************************************************************************************* Test Description: Determine the infrasound sensor's self-noise. Sensor's self-noise was performed by placing caps on all eight inlets. sps ******************************************************************************************* Test Description: Determine the infrasound sensor's self-noise. Sensor's self-noise was performed by placing caps on all eight inlets. 
